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(54)ririe: TWO-PHASE MATRIX FOR SUSTAINED RELEASE DRUG DELIVERY DEVICE 



1 




(57) Abstract 

A two-phase hydrophilic drug-comaining matrix for use in transdermal dmg delivery patches (lO) in which one phase is a 
continuous hydrophobic polymer phase which optionally includes a hydrophobic soWent that acts as a skin permeation enhancer 
and the other phase is a dispened particulate hydrated inot:ganic sihcate in whose absorbed aqueous phase the drug is dissolved. 
A Simple uansdermal patch stiucture (10) contaios a bacting layer (t 1), a matrix layer (12) and a release liner layer (13) as com- 
ponents. 
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PB?g PHflYBBY PBYICE 



10 

The present invention ie in the field of 
controlled or auetained releaoe drug formulations and 
relates specifically to a tvo^^ase drug-containing 
IS matrix that aay be used aa a component in a transdermal 
patch. 

aaejitgrQ^^ 

In general there are tvo types of transdermal 
20 patch designs: a ••reservoir" type and a "matrix«» type. 
In the reservoir type the drug, typically in fluid form, 
is contained within a vailed reservoir vhese hasal 
surface is permeable to the drug. In the matrix type the 
drug is dispersed in a polymer layeri typically an 
25 adhesive, and the matrix directly contacts the skin. 
Both types of device also typically include a baoXlng 
layer and an inner release liner layer that is removed 
prior to use. 

!nie present invention conceme a matrix'^ype 
30 device in vhich the matrix includes a particulate 

hydrated hydrophilic material that contains the drug and 
defines at least a portion of the baeal surface area of 
the matrix. 
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Several prior patents dascribe two-phase 
matrixes used in transdermal drug devices, but all are 
distinct from the matrixes of the present invention. 
U.S. 4,66d,232 describes a matrix for a 
5 transdermal patch which comprises a water-insoluble 
adhesive, drug that is soluble in the adhesive, and a 
water-swellable polymer* The inclusion of the water-- 
swellable polymer is alleged to increase the release rate 
of drug from the matrix. 
10 EPA 0391172 describes a transdermal patch 

having a matrix composed of a water-^insoluble material 
that contains islands of a solid solution of drug in a 
water-soluble/swellable polymer and an underlayer that 
controls the amount of water vapor passing from the skin 
15 to the matrix. The matrix is said to be activated by 
water vapor from the skin. 

U.S. 4,559«222 deseribeii a transdermal matrix- 
type patch in which the matrix is con^osed of a mixture 
of mineral oil, polyisobutylene (an adhesive) , and 
20 colloidal silicon dioxide. The addition of the silicon 
dioxide allegedly affects the flow characteristics of the 
mineral oil-polyiaobutylene mix. 

U.S, 5,071,657 describes a transdermal patch 
matrix of a drug-containing gel that is dispersed in a 
25 cross-linked silicone polymer* This matrix is apparently 
not adhesive as the patent teaches the use of a separate 
peripheral adhesive layer to affix the patch to the skin. 

EPA 0452837A2 describes an adhesive matrix 
composed of a hydrophobic polyBer« a hydrophllic drug, a 
30 hydrophilic swellable polymer, water, and a permeation 
enhancer. The water is said to act as a solubilizer for 
the drug and the hydrophilic swellable polymer acts to 
facilitate the mixing of the Ingredients and improve the 
stability of the matrix. 



35 
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7he invention provides a novel matrix coopoBod 
of a continuous hydrophobic domain and a dispersed 
particulate hydrated silicate doaain vhieb may be used to 
administer hydrophllie druge in a eoetained manner. The 
5 invention permits hydrophilie drugs to be effectively 
dispersed in a hydrophobic phase, maintains separation of 
the drug from the hydrophobic phase so that potential 
interaction between the two is reduced, and provides 
enhanced release of hydrophilie drugs from matrixes 
10 composed of a continuous hydrophobic domain. 

Pigglffgyr^ Qf tftg Inventton 

one aspect of the invention is a sustained-- 
release drug formulation comprising a matrix oft 
15 (a) a continuous hydrophobic polymer phase; 

(b) a particulate ^ase dispersed in the 
continuous pclymsr phase comprised of: 

(i) e hydrated inorganic silicate; 

(ii) a vater*solubilia:able drug at least 
20 partly dissolvsd in the aqueous phase of (i) ; and 

(c) a dispersing agent for dispcnrsing (b) in 

(a), 

wherein the particulate pbaae defines at least a portion 
of the surface area of the matrix and provides a 
25 diffusion pathway for .the drug in the matrix. 

Another aspect of the invention is a 
transdermal patch compriaing a laminated composite of: 

(a) a backing layer; and 

(b) a layer of the above-described matrix 

3 0 wherein the continuous hydrophobic polymer phase ie a 
pressure sensitive adhesive. 

Still another aspect of the invention is a 

matrix of 

(a) a continuous hydrophobic polymer phase; 

35 
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(b} a particulate pbaaa dlsporsod in the 
cpntinuous polyi&er phase coaprised of; 

a bydrated Inorganic silicate and an 
aqueous phase; and 
5 (g) a dispersing agent for dispersing (b) in 

(a) 

wherein the particulate phase defines at least a portion 
of the surface area of the satrix and provides a 
diffusion pathway in the matrix for an active ingredient 
10 that can be vater-selubilised. 

Still another aspect of the invention is a 
process for preparing the above described sustained 
release drug fonmlation which cosprlses; 

(1) solubilizing en vater^solubilisable drug 
15 in a liquid aqueous vedium; 

(2) combining the solubillzed drug with the 
aqueous medium with a hydrated inorganic silicate source ; 

(3) dispersing the product of step (2) with a 
hydrophobic polymer and optionally a surfactant to form a 

20 dispersion; and optionally 

(4) applying the dispersion of step (3) to a 
backing; and 

(5) removing excess liquid aqueous medium. 

25 Britf Dgggription gf ttig PMWtnq 

The drawingis a cross-sectional view (not to 
scale) of a transdermal pdt/cH that includes the matrix 
formulation of the invention. 

30 noflea tor CarryiM m the invCTtign 

As used herein with respect to the continuous 
phase, the term **hydrophobic" intends that the material 
is less than 30% by weight soluble in water at 32 •C, over 
24 hr. 



35 
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As used herein, the term "substantially 
insoluble'' intends a solubility of less than about i% by 
weight, more usually less than about o«5% by weight. 

As used herein the term "continuous" intends a 
5 phase that is interconnected and not separated into 
distinct domains , segments, or particles. 

As used herein with respect to the drug, the 
terms "hydrophilic" and "water soluble" are intended to 
be synonymous and to denote that the drug has a water 
10 solubility of at least about O.i mg/L, preferably at 
least about 1 mg/L at 32 'C* 

The term "hydrated" intends that the dispersed 
particulate material cos^rises all or a portion of its 
total absorptive capacity of absorbed aqueous phase (i.e* 
15 water and/or other polar solvent). 

The term "sustained release" intends a 
formulation that is capable of releasing a 
therapeutically effective amount of drug over a time 
period of one to seven days. 
20 The material that constitutes the continuous 

phase or hydrophobic domain of the matrix is a 
hydrophobic polymer that is capable of being mixed with 
the other components of the matrix and formed into a 
layer or film. When the matrix is used as the drug- 
25 containing matrix of a transdermal patch, the hydrophobic 
polymer preferably has pressure-sensitive adhesive 
properties that permit the matrix to adhere to living 
human skin for a eustained period of time, i.e,, usually 
at least about one to seven days. Because the polymer is 
30 hydrophobic, the drug is substantially insoluble and 

immiscible in the polymer* Specific exaa^les of polymers 
that may be used as the continuous hydrophobic phase of 
the matrix are polysiloxanes, polyisobutylene, solvent- 
based hydro^obic polyacrylates, polyurethanes, 
35 plastieized ethylene-viiyl acetate copolymers, low 
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molecular velgbt polyother blodc amide copQlyaers, 
styrene-Dutadlene palymera^ and vinyl acetate-based 
adbesives* The hydrophobic polymer vixi normally 
constitute about 30% to 95% by vei^t of tlie matrix, more 
5 usually 40% to 60% by velght. Other hydrophobic 

materials such as solvente or permeation enhancers may be 
included in the hydrophobic domain of the matrix. 
Examples of such materials are fatty acids (oleic and 
stearic acid)/ isopropyl myristate (ZPH), fatty acid 

10 esters (e.g.i prepylano glycol monelaurate, polyethylene 
glycol monelaurate (PSGXli) , &ethyl oleate, oleyl oleate) , 
fatty alcohols (e.g*, oleyl alcohol) « and terpenoids 
(limonene, menthol, 0-pinene, and garaniol) • 

The dispersed inorganic silicate is in the form 

IS of particles that are typically in the non^coUoidal size 
range of 0.001 to 0,1 mn (largest dimension) « more 
usually 0.01 to 0*05 on. in its bydrated fora the 
material vill normally contain about l$% to 600% of its 
own veight in absorbed water, more usually ioo% to soo% 

20 of its ovn %might in water (measured at 25«C) . other 
hydrophilic polar solvents such as ethanol^ propylene 
glycol, low molecular vaigbt (200 to 400 mw) polyethylene 
glycol, isoproj^l alcohol, N-butanediol, m-pyrol and 
benzyl alcohol may be substituted for water or included 

25 in the hydrophilic domain of the matrix. These solvents 
may be used to increase the eolubility of the drug in the 
abeorbed aqueous phase. The hydrated silicate should be 
stable in the presenoe of the other componente of the 
matrix and not adversely interact therewith. The loading 

30 and particle size of the silicate phase should be such 
that diffusion pathways defined by the aqueous component 
of the phase be available for the drug to diffuse from 
within the vatrix to the surface of the matrix, in other 
words I there is substantial partiele^to-partide contact 

35 in the dispersed phase. The unhydrated silicate will 
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noraally constltuta about 2% to 20% by vaight of the 
natrlx, more usually 4% to 10% by Vttlght. The silicate 
nay be eynthetic, puriCied, or in a natural form (e.g., 
clay or talcum) . caleiua, aagneeiua and aluminum 
5 ailicataa and mixtures thereof are preferred* Calcium 
silicates which have high vater and oil absorptions 
(i.e. I >400% by veight) are particularly preferred* 

The particulate hydrated silicate la dispersed 
uniformly throughout the matrix and will define a portion 

10 of the surface area of the matrix* That portion should 
be sufficiently great to provide the desired flux of drug 
from the matrix* When the aatrlx is adhesive and is 
intended to adhere to skin^ the portion should not be so 
grsat as to cause the matrix to lacic sufficient 

15 adhesiveness to the skin. Usually the portion of the 
surface area defined by the hydrated slliaate will be in 
the range of about 0*1 to 20% « more usually 0.5 to 10%. 

The drugs that may be used in the matrixes of 
this invention are hydrophilio and are dissolved in the 

20 aqueous cenqponent of the hydrated silicate* 

Correlatively, the drug is substantially Insoluble in the 
hydrophobic polymer component of the matrix and hence no 
significant amount of drug is dissolved in that polymer. 
The amount of drug present in the matrix vill depend upon 

25 the amount of aqueous component present in the matrix and 
the solubility of ths drug in that component. It will 
normally constitute 1% to 20% by veight of the matrix. 
The concentration of drug in the aqueous component of the 
matrix vill be at or belov saturation. 

30 Exattples of hydrophilic drugs that may be used 

in the matrixes of the invention are, without limitationi 
nicardipinm hydrochloride, mathylsalicfylio acid, 
nitroglycerine, hydrophilic serotonin S'-m^ rec^^r 
antagonists such as ondansetron (sold under the brand 

35 name ZOFIUUf) and granisetron, aminotetralins such as 
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S (•) •2- (H-propyl-N-2-thionyl6thyla»ine) -5- 
hydroxytetralin/ and tboaa drugs disdosBd on pagea 4-6 
of European Patant Application Pob- no. Q452837A3 

(Applicaticm Ho. 91105933.5). 
5 The natrlx also contains a dispersing agont 

which aids in aaintaining the particulate phase disparsed 
in the continuous phase. Anionic, cationie, amphoteric 
or nonionic disperaing agents may be used. Preferably, 
the dispersing agent is a nonionic surfactant* Exa^les 

10 of such dispersing agents are polyethylene- 

polyo^ropylene glycol copoly»era (sold under the 
Piuronic tradeaanc) , polyoxysthylene sorbitan esters 
(sold under the Tveen trademark) such as polyoxyethylene 
sorbitan oonolaurate, polyoxyethylene sorbitan 

15 monopalmitate, polyoxyethylene sorbitan aonostearate, and 
polyoxyethylene sorbitan monooleates, and sorbitan esters 
(sold under the Span trademarjc) such as sorbitan 
monolaurate, sorbitan monoatearate, and sorbitan 
monooleate. The dispersing agent vill norvally 

20 constitute 0,5% to 10» by weight of the aatrtx, aore 
usually 3% to 6% by weight of the matrix • 

The matrixes of the invention may be prepared 
hy dissolving the drug in water and optionally other 
hydrophilic polar solvents and contacting the hydrophilic 

25 particulate material with the resulting solution to 
permit the aqueous solution to be absorbed by the 
particulate material. This mixture will typically have 
the tescture of a paste. The hydrophobic components of 
the matrix and the dispersing agent, preferably in 

30 admixture, are added to the paste with vigorous mixing to 
form a viscous dispersion. Shis dispersion may be formed 
into appropriate shapes and excess solvent removed 
therefrom. Wien the matrix is to be part of a 
transdermal or transbuccaX patch, the hydrophobic domain 

35 will normally possess prsssure sensitive ^adhesive 
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propertios and the matrix will be cast aa a layor or f lis 
onto a backing layer* Materials for forming backing 
layers are vell^known in the transdermal patch art and 
are amply oxomplif led in the transdermal patch patent 
5 literature. Typically# the patch will include a basal 
release liner layer that is rsmovod prior to use to 
expose the matrix^ A simple and typical transdermal 
patch structure, genarally designated 10, ia shown in 
Figure 1 wherein XX designates the backing layer, 12 the 

10 matrix layer, and 13 the release liner layer. 

In addition to being useful as e component in 
transdermal or buccal patbhss, the matrixes of the 
invention may be formed into tablets for oral 
administration of the drugs or into inserts or implants 

15 for releasing drug into body cavitiee or within tissues. 

The invention ie further illustrated by the 
following examplea. these examplee are not intended to 
limit the invention in any manner. Unleea Indicated 
otherwise, percentages are by weight. 

20 

Drug Fonaulatiofi 

A matrix composed of 4% of the hydrophilic drug 
(R) -(-) -H*(l-Mothyl-4-(3-mothylben«yl)hBxahydro-lH-l, 4- 

25 diasepin«6«>yl)*lE«*indazole-'3-carboxamide dihydrochloride, 
10% propylene glycol monolaurate (PGML) , 20% propylene 
glycol (P6) , 20% distilled water, 7% calcium silicate 
powder (Micro*Cal E] and 2% nonionic surfactant (Pluronic 
I«-121) in a polydimethylsiloxans adhesive (Dow Coming 

30 Silicone 2920) was prspared by dissolving the drug in the 
P6 and water, mixing the solution with the calcium 
silicate powder to form a paste, and vigorouely mixing 
the peste with a mixture of the adheeive, P6KL and 
surfactant to form* e viscous dispersion. 



35 
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Tha dispersion vas oast onto a 25 nicron thick 
polyester fila (silicone-ooated Mellnex 329 from ICI) to 
a thickness of 250 microns using a Gardener knife and the 
coinpoaite was dried in an oven at 70*c tor 30 ain to $ 
5 reaove excess solvent* After cooling, the cdB^osite was 
laainated onto a 75 aieron thick polyester backing (SK, 
1022) . 

For comparison purposes, the drug was 
formulated in various single phase matrixes and formed 
10 into laminated composites as above. 



Human epidermis was obtained from the full 
thickness skin imich vas frozen prior to being separated* 

15 Separation of the skin at the deraal/epidermal junction 
was achieved by immersing the skin in water at 60*C for 
two minutes, and then teasing off the dermis » The heat 
separated epidermis was stored at 20 •c pending use. 

Vertically aligned diffusion cells with a 

20 diffusional area of 0«7l ca^ and a receiver fluid of 8.0 
ml were used. A pB 5*0 phosphata buffer vas chosen as a 
receiver fluid to ensure an infinite sink condition being 
maintained because this buffer solution exhibited 
reasonable solubility for the drug. Skin flux studies 

25 were conducted for a period of 30 hours. 

A I 3/4 cm diameter section of separated 
epidermis vas punbhed and mounted in the diffusion cell 
with the stratum comeum facing the donor ccivartment. 
The laminated coioposites were punched out in 1 3/4 cm 

30 diameter clrcle8« After peeling from the releasing aide 
of polyester film, the drug matrix was then mounted 
between two compartments of the diffusion cell. 

After a designated time period has elapsed, a l 
ml aawle vas taken from the receiver coapartment with a 

35 mieropipette from a given diffusion cell. An equivalent 
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20 



25 



-11- 

aaount of receiver solution was added in the receiver 
chaaber to maintain a conatant voluae. Dilution of the 
receiver nadiua waa taken into account vhen procosaing 
the peraeation data. Table 1 balo« reporta the results 
of these B)tln flwc teata. Flux ia reported aa the 
average flux ever 30 hra. 



^ij YU-if. Phfl g? C?lllB?r1 

2% drug in Silicone 2920 adbaaivo 

2% drug in Moratik 607^ adhesive 

2% drug in Celva 788^ adhealve 

2% drug, X0% PGHLi 10% B-Jyrol 
in Silicone 3920 adheaive 

2% drug« 10% VcaHL, 10% m-Pyrol 
In Horstik 607 adhesive 

4% drug, 20% PGKL, 20% m-Pyrol 
in Kraton 3«-6l72* adheaive 

4% drug, 10% PGKL, 20% P(S 

20% Olst. water, 7%. Hicro-Cel B 

2% Plo?onic L-lSl in Silicone 3920 adhesive 



svifi yimt tiia/eB2/hr) 



0.5 



O.B 



17.1 



tterstlk ^07 ia an'aerylate adheaive. 
eeive 788 la an aerylata adhesive. 
»iSn 3<-S72 is a styrena-btttadlena copolymer 

Bdhesive. 



30 AS shown in Table l, the skin flux of the drug 

from the two-phase aatrix of the invenUon was vastly 
greater than the skin flux froa any of the coaparison 
single-phaaa aatrlxea teated. 



35 
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Thaw exaapiaa iHuattat* variations of the 
two-phMa utrlx f otmuiation of Gxaqpie i i„ ^,hich the 
proportions of the eepponents differ. These natrixes 
5 were prepared and tested Ml in Sxaqole 1. Table 2 belov 
provides details of the coapoeitiona of these Matrixes 
and the results of the skin fl\ix tests ea them. 



10 



15 



20 



25 



30 



Tablft 2 



ttt«»ple w o. feawaatien 

2 4% drug, 10% PGKL, 30« PG 
20* Diet, water, 7* Kicro- 
Cel E, 3t Pluroaie 

L-121 in silieone 2920 

3 4t drug, 15% PGHL, 20% n, 
lot olst. water, 7% Miero* 
cel B, 3% Piurmic L-iai in 
Silicone 2920 

4 6« drug, 6%P61IL, 30» PC, 
20% Oist. water, 7% Micro- 
Cel E, 3% Plurenie L-121 in 
Silieone 2920 

5 6% drug, 6% P6KL, 50% VG, 
20% Dist. water, 8% Micro- 
Cel S, 3% Pluronic 

L-121 in Silicons 2920 

6 6% drug, 12% PGML, 30% P6, 
26% Diet, water, 8% Micro- 
Cel E. 3% Pluronic 

L-121 in silieone 2930 



skia Pita 
jMff/oaa/hr) 



15.7 



9.1 



20.4 



23.9 



25.7 



35 



Xbess escaqples illustrate two-phass aatrix 
formulations similar to those of ExaQples of 1-6 bat 
using a different silicone adhesive (dov Coming 4201) , 
The matrixes were prepared and tested as in Example 1. 
Table 3 below provides details of the covpositions of 
these matrixes and the results of the skin flux tests on 
them. 
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10 



15 



20 



25 



Fomulfttloa 



eu& Flux 
CW/ca2/hr) 



4« drug, 15% PQfLf 20% PG 12.0 
10% Di6t. vator, 7% Nlcro- 
cel 3% Pluronio 
L*121 in silicone 4201 

2% dnt9r S% F6KL, 20% FG, 5.4 

15% Di6t« water, 8% Xicre- 
Cel Si 3% Tween in silicone 

4201 



Eaganplas 9-12 

These exanplaa illustrate vatrixes similar to 
tbat of Sxaaple 1 in vbich the hydrophobic solvent was 
different than FGKL* The matrix fomolation consiated of 
4% dru9, 20% P6, 15% distilled vater, 7% calcium 
silicate, 2% Tveen 80 surfactant and the indicated % of 
hydrophobic solvent in polydiaethylalloxane adhesive (Dov 
Coming 420i) . The natrixes vere prepared and tested as 
in Example 1. Table 4 below provides details cm the 
composition and amount of the hydro^obio solvent and the 
results of the skin flux tests « 



Example Ho« 



TBhU 4 



Bydrophobic 
Solvent 



Btin Flux 
(MV/cma/hr) 



30 



9 12% FE6KL, 3% IFN 

10 10% Oleyl Oleate 

11 10% Oleic Acid 

12 10% Oleyl jaedhol 



6.4 
2.1 
2.0 
9.6 



35 



Theae examples Illustrate matrlxea similar to 
that of Example 1 in which the silicates other than 



Received: 2/13/04 8:13; 

Von: HOFFMANN EITLE 



+A^& 89 018356 - > Nath and Associates PLLC; Page 25 

+49 69 918356; 13.02.04 14:10; JfiiBB_#471 jSeite 25/34 



WO 94/07468 PCr/US93/09510 

-14- 

Hicro-cel £ vere used* These natrixea vora prepared and 
tasted as in Bxample I. Table 5 below prpvidefif details 
of the compositions of these aatrixea and the results of 
the skin flux tests. 

5 



Skin Vlus 

BMgplt Mo> Fonmlation ^ (Mg/cma/hr) 

13 2% Dnig, 5% Oleyl Alcohol, 2.1 
10 20% P6, 15% Oist. water, 1% 

TalCi 3% Tveen 80 in 
silicone 4201 

14 2% Drug, S% Oloyl Alcoholi 1.2 
20% PC, 15% Diet, water, 1% 

Kaolin, 3% Tween so in. 
Silicone 4201 

4.5 



gymplftnlS 

S ( -) (N*propyl-K*2-thienylethylaaine) -5- 
hydroacytetralin is a selective D2 a9onist for treating 

20 Parkinson's disease. The effective dose for treating 
Parkinson's disease is estljBated to he in the range of 
about 1 to 3 jig/kg/br. Accordingly, for transdemal 
adminiatration, the target flux of this drug (based on a 
20 cn^ delivery area) is estiaated to be in the range of 

25 approximtely 3-^10 ng/cfi^/ht. 

Skin flux studies of this drug from various 
liquid f omulations showed that fluxes at or above the 
effective range could be achieved from eaturated 
solutions of the drug in pH 6.0 buffer or PGKL. Similar 

30 studies of the flux of this drug from simple matrix 
systems in which the drug and PGML were formulated in 
various adhesiyes (silicone, polyiaobutylene, or Morstik 
607 acrylate) did not provide effective flux levele. 

In contrast a series of five two-phase uatrix 

35 formulations of this drug were prepared in aceordanee 
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vith tha preaant invention* Table e belov presante the 
composition of those aatrlxas and the results of the flux 
testa thereon* 

5 TaWft 6 



Matrix 12345678 Skin Flux 

(Mg/cm^/hr) 



A 


2 


10 


s 


5 


10 


4 


3 


«l 


6.4U 0.13 


B 


4 


10 


5 


S 


10 


4 


3 


59 


14. 2± 0.6 


C 


4 


0 


5 


5 


10 


4 


6 


66 


8.66± 0.19 


0 


4 


5 


5 


5 


10 


4 


5 


62 


15. 5i 0.19 


E 


4 


10 


5 


5 


10 


2 


3 


61 


13.71 1.2 



15 ^ 

1 = Drug (%) 

2 m P6ML (%) 

3 » Bensyl alcohol (%) 

4 - PG (%) 

5 « pH 6.0 phosphate buffer (%) 

6 m Miero^Cell E (%) 

20 7 - Span 60 fisulsifier («) 

8 - Silioono 4201 Adhesive (%) 

As indicated, all five of the tvo-pbase 
matrixes provided fluxes at or above the target level. 
BWBPlC Iff 

Baeed on the results of Example 15, tvo 
optimized formulations of s(-)-2-(ll-propyl*-N-2- 
thienylethylamine)«-5»hydroxytetralin. These formulations 
lacked any PGKL, benzyl alcohol or K. One contained 4% 
drug, 20% phosphate buffer (pB 6.0), 4t Kicro-Cell B, 4% 
span 60 emulsifieri and 4t ailieone medloal fluid 360 
(Doir coming) in silicone 4201 adhesive* The other 
contained 5« drugi 18% buffer, 5% Micro-cell B, 4% span 
60 emulsificr, and 4% silicone medical fluid 360 in 
silicone 4201 adhesive. The flux from tbase formulations 



35 
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va0 comparable to thosa from aatrixas &, d, and £ of 
Example 15* 

HMif leatlons of the above nodes for carrying 
5 out the invention that are obvious to those of skill in 
pharoaceuticaisi sustained release formulation, 
transdenaal drug delivery, polymers, pressure sensitive 
adhasives, and related fields are intended to be within 
the scope of the folloving claims. 

10 
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1« A sustainsd raleaee drug fonulatlon 
cosopriaing a matrix of: 
5 (a) a oontinuotts hydrophobic polymer phase; 

(b) a particulate phase dispersed in the 
continuous pelyaer phase coapriaed of: 

fi) a bydrated inorganic silicate; 
(ii) a vater^solubilizabla drug at least 
10 partly dissolved in the aqueous phase of (i) ; and 

(c) a dispersing agent for dispersing (b) in 

(a), 

wherein the particulate phaee defines at least a portion 
of the surface area of the matrix and provides a 
15 diffusion pathway for the drug in the matrix* 

2# The sustainsd release drug formttlation of 
claim 1 wherein the drug coqprisea 1% to 30% by weight of 
the matrix, the inorganic silicate {\mhydrated} comprises 
20 2% to 20% by weight of the matrix, and the hydrophobic 

polymer phase comprises 30% to about 95% by weight of the 
matrix. 

3. The sustained release drug formulation of 
25 claim 1 or 2 wherein the hydrated inorganic silicate 
contains 15% to 600% of its own weight in absorbed 
aqueous phase. 

4« The sustainsd releass drug formulation of 
30 claim 2 wherein the hydrated inorganic silicate contains 
100% to 500% of its own weight in absorbed aqueous phase* 



35 



5. The sustained release drug formulation of 
claim 1 wherein the hydrated inorganic silicate is 
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calciuB silicate, nagneBiun aiUcato, «luttinuB silicate, 
or mixtures thereof. 

6. The siwtained release drug formulation of 
5 claims 1 to 5 wherein said surface area portion 
constitutes O.ll to 20% of the surface area of the 
matrix. 



10 



20 



25 



7. xhe sustained release fonnilation of claim 
1 or a vherein the hydrophobic polymer phase includes a 
hydrophobic solvent. 



8. The sustained release formolatlon of claim 
7 vherein the hydrophobic solvent is a skin permeation 

IS enhancer. 

9. The sustained release formulation of claim 
7 or 8 wherein the hydrophobic solvent is a fatty acid, a 
fatty acid ester, a tatty alcohol, or a terpenoid. 



10. The sustained release drug fozmulation of 
claims 1 to 5 herein the hydrated inorganic silicate 
includes an absorbed polar solvent that increases the 
solubility of the drug in water. 



11. The sustained release drug formulation of 
claim 10 lAerein the polar solvent Is ethanol, propylene 
glycol, low molecular weight polyethylene glycol, 
isopropyl alcohol, n-batanediol, m-pyrol, or benzyl 

30 alcohol. 

12. The sustained release feraalation of claim 
I or 2 wherein the drug is (R)-(-)-B-(l-Methyl-4-(3- 
methylbenzyl) hexahydro-lH-1, 4-dia8epln-6-yl) -IH- 

35 inddzole-3-carboxamide dihydrochloride, ondansetron, 
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granisetron, or S(-)*2-(H-propyl-H-2-thiBnylothylamine)- 
5-hydroacyt«tralln. 

13 « The fiustoinod releasa drug formulation o£ 
5 claitta 2 to 5 vbsrein the bydratad inorganic silicate is 
calciua ailicatOi the hydropbobio polymer is a silicone, 
the formulation includes propylene glycol and propylene 
glycol monolaurate, and the drug is (R)-(-)-H-(l-Methyl- 
4- (3-methylhen2yl)hoJcahydro-lH-l, 4-dlazepin-6-yl) -IH- 
10 inda«ole*3-carboxamide dihydrochloride or S(-)-2-(li- 
propyl-H-2*thienylethylBmlne) •s-bydroxytetralin. 

14. A transdermal patch comprising a laminated 
composite of: 
15 (a) a backing layer and 

(b) a layer of the formulation of one of the 
preceding claims (1 to 13) wherein the continuous 
hydrophobic polymer phase is a pressure sensitive 
adhesive. 

20 

IS* a matrix of 

(a) a continuous hydrophobic polymer phase; 

(b) a particulate phase dispersed in the 
continuous polymer phase comprised of: 

25 a hydrated Inorganio silicate and an 

aqueous phasei and 

(o) a dispersing agent for dispersing (b) in 

(a) I 

wherein the particulate phase definee at least a portion 
30 of the surface area of the matrix and provides a 

diffusion pathway in the matrix for an active Ingredient 
that can be water*60lubilised# 

_16. The use of the matrix of claim 15 in the 
35 preparation of a sustained release drug formulation. 



I 
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17. A prooasB for preparing a sustained 
relaaae drug foraulation of claiins 1 to 14 vbich 
comprises: 

(1) solubilising a vatar-solubiUsable drag in 
5 a liquid aqueous ttsdium; 

(2) combining ths solubilized drug with the 
aqueous nediUB with a hydratabls inorganic silicate 
source; 

(3) dispersing tba product of step (2) with a 
10 hydrophobic polymer and optionally a surfactant to form a 

dispersion; and optionally 

(4) applying the dispersion of step (3) to a 
backing; and 

(5) removing excess liquid aqueous medium. 

15 



20 



25 



30 



35 
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